Introduction
The mouth is continually being bombarded by the various rudiments of nature and when coupled with a perpetual warm and moist climate, serves as a hot bed for the resident and development of numerous microbial populations (Oranusi and Akhigbe, 2013) . Pathogenic and nonpathogenic bacteria are constant residents of the human mouth. Dental caries, also known as tooth decay or a cavity, is an infection, generally bacterial in origin, localized and transmissible, that results in the destruction of hard dental tissue. It is one of the most common chronic infectious diseases in the world (Inetianbor et al., 2014 , Yoo et al., 2007 .
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Despite great improvements in global oral health status, dental caries still remain one of the most prevalent diseases. Yet some brands of toothpastes claim to be effective antimicrobial agents. This study was therefore designed to evaluate the in vitro antimicrobial activity of commercially available toothpastes against some microorganisms involved in tooth infections. Agar disc diffusion method was used to test the antimicrobial activity of ten different toothpastes at various concentrations (1:2; 1:4 and 1:8 dilutions) against Porphyromonas gingivalis, Escherichia coli, Staphylococcus aureus and Candida albicans. The sensitivity of tested toothpastes towards each microorganism was expressed as a percentage of the mean clear zone diameter. Statistical analysis was performed with the help of Statistical Package for Social Sciences (SPSS) version 19 with significance considered at p<0.05 using Student Newman Keuls. All the tested toothpastes inhibited the growth of P. gingivalis at various levels: Signal (67.3%), Colgate Protection Max (63.6%) and Colgate Herbal (62.7%). Test concentration of 1:2 dilution of these toothpastes was most effective on E. coli with clear zones ranging from 11.7 mm (Oral B) to 23.3 mm (Aloe vera). Generally the inhibition of S. aureus growth by these dentifrices even at higher test concentrations was weak, with clear zones ranging from 8.3 to 15.0 mm. No growth inhibitory activity was observed for Mericle (least effective in bacterial growth inhibition) against C. albicans at all the tested concentrations. Dentix (25.8%), Airsun (30.7%), Special 2 plus (22.2%) and Oral B (22.7%) were equally less sensitive to this microorganism compared to the controls. Our in vitro study has shown antimicrobial activities of the mentioned toothpastes against P. gingivalis, E. coli, S. aureus and C. albicans. Thus they can be used to control dental infections.
Many microorganisms have been reported to be involved in the causation of dental caries through the metabolism of bacteria in plaque attached to the surface of the tooth (Alsaimary, 2008) . S. aureus and S. epidermidis are major human pathogens, responsible for a number of hospital acquired infections known initially to colonize several locations in the human body, but the mouth and hands are the main reservoirs for propagation of this pathogen in the hospital environment (Lowy, 1998; Piochi and Zelante, 1974) . Streptococcus mutans is one of the main opportunistic pathogens of dental caries which plays a central role in fermenting carbohydrates, resulting in acid production and leading to the demineralization of the tooth enamel (Robert et al., 2011; Diane et al., 2006) . In addition, other microfloras like Escherichia coli and Candida albicans are also associated with active caries lesions (Manupati, 2011) . The early stage of dental caries is characterized by a destruction of superficial dental structures caused by acids which are by products of carbohydrates metabolism by bacteria (Loesche, 1986) . Colonization of teeth by cariogenic bacteria is one of the most important risk factors in the development of dental diseases (Agbelusi et al., 2007) . Candida albicans is the common cause of oral thrush, endocarditis, septicemia, vaginitis and infection of skin, nails and lungs and it is by far the fungal specie most commonly isolated from infected root canals (Oztan et al., 2006) . Porphyromonas gingivalis is a periodontal pathogen known for toothdecay activity (How et al., 2016) . The binding capacity of microbes is a key feature to their virulence (Krzysciak et al., 2014) .
The adherence of microorganisms within the plaque biofilm to cause dental caries could be prevented by proper use of dentifrices and toothbrushes. Toothpastes and toothbrushes are the two products commonly used to reduce microbial population in the mouth. The American Dental Association defines a toothpaste or dentifrice as a paste used with the aid of a toothbrush to cleanse and maintain the aesthetic and wellbeing of the oral buccal cavity (Nwankwo and Ihesiulo, 2014) . It should be noted that the bathroom can easily contaminate toothbrushes with other microbial species (Otoikhian and Okoror, 2012) .
Minor tooth destruction could be easily managed to restore proper tooth aesthetics and other functions than trying in vain to regenerate considerable portions of the tooth structure. In this regard, dental health organizations say no to dental caries by advocating preventive and prophylactic measures, through regular oral hygiene and dietary modifications (Inetianbor et al., 2014) .
According to Okpalugo et al. (2009) , toothpastes is classified as drugs not cosmetics, because drugs contain an active ingredient which act against microorganisms, such as Triclosan 2, 4, 4" trichloro-2'-hydroxydiphenyl ether which is a broadspectrum agent against Gram-positive and Gram-negative bacteria, viruses and yeasts (Andiara et al., 2014; Prasanth et al., 2011) , and fluoride, to effectively reduce mouth bacteria and contribute to dental health. Many studies have reported the use of triclosan as a good an antiplaque agent (Gunsolley, 2006; Kjaerheim V, Waaler, 1994 , Davies et al., 2004 .
Moreover Triclosan promotes inhibition of cyclooxygenase/lipoxygenase pathways and exhibits anti-inflammatory effects (Andiara et al., 2014; Davies et al., 2010) . Other active agents such as surfactants, antibacterial agents, baking soda, peroxide, metal sacks herbal and natural extracts and chloride dioxide (William and Cummins, 2003) could be incorporated into the treatment plan. Nowadays, the maintenance of good oral hygiene is the key to the prevention of dental diseases and the formation of plaque on the tooth surface which is characterized by the progression from a limited number of pioneer microbial species to the complex flora of mature dental plaque (Alsaimary, 2008) . This progression involves initial adherence of bacteria to the saliva pellicle and subsequent accumulation by growth and interbacterial adherences to the hard enamel tissue (Kallahalli et al., 2015) . Halitosis, also called bad breath is due to the activities of oral micro flora (Jeronimo et al., 2013) , thus antimicrobial agents need to be added in toothpastes.
When these substances are added to oral products, they kill microorganisms by disrupting their cell walls and inhibiting their enzymatic activity (Shetty, 2007) . One of the most promising possibilities for the control of tooth decay involves the use of combined topical applications of fluoride with chemotherapeutic agents to increase the resistance of newly erupted teeth, enhance demineralization of hypomineralized enamel, and reduce microorganisms from infected teeth (Ihsan, 2008) . Agents with demonstrable in vitro and in vivo activity may have a reduced antimicrobial effect when formulated into dentifrice (Violet et al., 2012) .
According to Nwakanma (2014) and Teke et al. (2011) , antimicrobial agents usually will kill (microbicidal) or inhibit (microstatic) the growth of microorganisms. Despite great improvements in the global oral health status, dental caries still remain one of the most prevalent diseases (Inetianbor et al., 2014) . Some brands of toothpastes claim to be effective antimicrobial agents and best for oral hygiene, but how effective they are is the question since the prevalence of tooth cavies is still a public concern. This study was therefore designed to evaluate the antimicrobial activity of commercially available toothpastes against some microorganisms involved in tooth infections.
Material and Methods

Collection of samples and test organisms
Ten different brands of toothpastes were bought from different merchants shops in the town of Bamenda. These toothpastes included: Extra Fresh Angola, Airsun, Mericle, Oral-B, Dentix, Aloe vera good week, Colgate Herbal, Colgate Maximum cavity protection, Signal, Special 2 plus. The composition, active ingredients and manufacturers of these dentifrices are given in Table 1 . These toothpastes were taken to the Microbiology/ Bacteriology Laboratory of the Yaounde University Hospital Teaching Center (UHTC) for analysis. The dental microorganisms used in this study constituted pure colonies of Candida albicans
Staphylococcus aureus (ATCC25923, resistant) and a non-typed colony of Porphyromonas gingivalis which were obtained from the Microbiology/ Bacteriology laboratory of the Yaounde University Teaching Hospital Center, Cameroon.
Identification, growth activation and maintenance of test microorganisms
The microorganisms collected were checked for identity and purity using standard biochemical and staining methods (Aneja, 2003; Cappuccino and Sherman, 1995) . These microorganisms were later subcultured as follows; with a sterile wire loop the colonies were streaked on their various media. Escherichia coli was streaked on Hektoen enteric agar, Porphyromonas gingivalis on Chocolate blood agar, Staphylococcus aureus on mannitol salt agar and Candida albicans on Sabouraud plus Chloramphenicol. The Streaked plates were then incubated aerobically in a ""Memmert"" incubator for 24 hours at 37°C. Chocolate agar was incubated anaerobically in a candle jar. Microbial cultures were stored and maintained in nutrient broth/agar accordingly at 4˚C to be used later.
Preparation of dentifrices
A solution of each of the ten dentifrices was made by dissolving 1 gram of each of the toothpastes in 1 ml of sterile distilled water. Further dilutions in distilled water were made to obtain concentration ratios of 1:2, 1:4 and 1:8.
Antimicrobial assay
The agar disc diffusion technique was used to test different dentifrices for antimicrobial activities whence the diameter of growth inhibition zones were determined (Teke et al., 2013; Chattopadhyay et al., 2001) . Briefly, Two to three identical colonies were taken from each of the four microbes under study showing significant growth with a sterile wire loop and emulsified in sterile saline distilled water. This new microbe suspension was adjusted to 0.5 Mc Farland standard (about 1.5 × 10 7 cfu/ml of bacteria and 1.5 × 10 6 spores/ml for yeast) before streaking about 20 µl onto the Muller Hinton agar/Sabouraud dextrose agar accordingly with the aid of sterile swabs. The plates were allowed for microbial seeding for about 1 hour. Filter paper discs (Whattmann n°3) of diameter 6 mm were prepared and soaked with 10 μl of each of the different toothpastes dilutions (1:2, 1:4 and 1:8) and placed onto the seeded MHA/SDA. Controls were made of distilled water (negative); Levofloxacine and cotrimoxazole (positive for bacteria); and Miconazole and ketoconazole (positive for yeast). All tests were performed in triplicate and the mean zones of inhibitions calculated (n=3).
The microorganism was considered susceptible/resistant to a particular dentifrice when diameter >7mm or <7mm was observed respectively.
The sensitivity of the tested toothpastes towards each microorganism was expressed as a percentage of the mean zone diameter produced by the toothpaste (Dt) to that of the mean zone diameter produced by the reference substances (Dr). i.e.: Sensitivity is equal to 100 x Dt/Dr.
Clearance
Administrative authorization to conduct this prospective study was obtained from the Director of the Yaounde University Teaching Hospital Center, Cameroon.
Statistical analysis
Statistical analysis was performed with the help of Statistical Package for Social Sciences (SPSS) version 19. Level of statistical significance was considered at p < 0.05 with Student Newman Keuls.
Results and Discussion
Antimicrobial activity against Porphyromonas gingivalis
All the tested toothpastes inhibited the growth of P. gingivalis at various levels. This bacterium was highly susceptible to three of the toothpastes: Signal (67.3%), Colgate Protection Max (63.6%) and Colgate Herbal (62.7%) with inhibition zones ranging from 9.7 mm to 19 mm (Table 2) .
Mericle (25.6%) and Extra fresh Angola (23.8%) were the least effective in their bacterial growth inhibitory actions. They were not active (0 mm) at the test concentration (1:8 dilution). Generally the mean diameters of the growth inhibitory zones for the tested concentrations were significantly (p<0.05) different. It was also observed that zone of inhibition decreased with increase in dilution (i.e. decrease in concentration).
Antimicrobial activity against Escherichia coli
The highest tested concentration (1:2 dilution) of these toothpastes most effective in inhibiting the growth of E. coli with clear zones ranging from 11.7 mm (Oral B) to 23.3 mm (Aloe vera good week). A weak antibacterial activity was observed at a concentration of 1:8 dilution for a majority of the toothpastes with the rest non-active (Table  3) . Mericle was the lone toothpaste showing the least sensitivity to E. coli (30.5%). The sensitivity of the studied toothpastes towards E. coli with respect to the average zone diameter from the reference substances ranges from Aloe vera (79.1%), Colgate Herbal (74.5%), Colgate protection Max (65), Signal (62.3%), Extra fresh Angola (45.9%) and Dentix (44.1%) in decreasing order for all values greater than 40%.
Antimicrobial activity against Staphylococcus aureus
Generally the inhibition of S. aureus growth by these toothpastes even at higher test concentrations was weak, with clear zones ranging from 8.3 to 15.0 mm Table 4 . The mean diameter of clear zones produced by the most sensitive dentifrices [Dentix (11.0 mm), Colgate Protection Max (10.9 mm) and Colgate Herbal (10.2 mm)] were comparable at p<0.05 though at the same time significantly lower than those of the reference substances. S. aureus showed some degree of resistance to Signal (27.5%), Airsun (28.0%) and Mericle (24.2%).
Antimicrobial activity against Candida albicans
No growth inhibitory activity was observed for Mericle against C. albicans at all the tested concentrations (Table 5) . Dentix (25.8%), Airsun (30.7%), Special 2 plus (22.2%) and Oral B (22.7%) were less sensitive to this microorganism. The average zone diameters for all the tested toothpastes were significantly (p<0.05) lower than those from the reference substances. Antifungal activities of these dentifrices were concentration dependent.
The main aim of this study was to evaluate the antimicrobial activity of commercially available toothpastes in Bamenda, Cameroon against some microorganisms involved in buccal infections. The microorganisms used in this study were chosen on the basis that they are involved in tooth decay (Socransky and Haffajee, 2005) . The degree of infection caused by these microorganisms can range from mere inflammation of the gingival to complete tooth destruction. Bacteria in biofilms (variety of bacteria embedded in a polysaccharide matrix) just as plaques are known to be less sensitive to antimicrobial agents. However, the sensitivity of dentifrices is increased upon plaque removal (using a brush) as shown by Jenner et al. (2013) . Persistent dental plaque is at high risk for the development of dental and periodontal diseases (Mogammad et al., 2011) .
One of the most commonly used anti-plaque chemical agents is chlorhexidine digluconate. Even though this agent has well documented antimicrobial efficacy against bacteria associated with dental plaque, it requires multiple applications in order to be clinically effective (Mogammad et al., 2011; Addy and Moran, 2008) . Though the toothpastes used in this study did not contain chlorhexidine, their antimicrobial activities indicate that many other ingredients found in them possess antimicrobial potentials.
Triclosan is the best among the many chemical agents incorporated in toothpastes known to exhibit antimicrobial activities. This is followed by sodium floride and sylodent respectively. The latter two agents (ingredients) were reported to greatly inhibit the growth of E. coli. Also, Sylodent is known to clean, eliminate stains from teeth (Kallahalli et al., 2015) . In this study, Airsun was the lone toothpaste containing triclosan and floride salts though its activity was however average. The others like Signal, Colgate Herbal, Colgate protection max, Aloe vera good week and Dentix with relatively high antimicrobial activities probable contain these active ingredients in greater amounts. Colgate dentifrice has been reported to active against the growth of microorganisms (Williams et al., 2005) . The effectiveness of fluoride toothpaste is concentration dependent (Fejerskov and Kik, 2003) just like that of any other active ingredient.
Fluorides are abundantly used in many oral health products including toothpastes and mouth rinses as they help in caries prevention by reducing dental caries between 30 and 70% compared with no floride therapy (Kallahalli et al., 2015) . Hydrated silica, sodium floride and amine floride were ingredients in most of the tested toothpastes that have shown antimicrobial activities against (Farogh et al., 2014) . Netuschil et al. (2005) showed that a fluoridefree herbal based toothpaste that contains peppermint, clove, chamomomile, mastic gum, propalis wax and chlorophyll, was more effective in the management of gingivitis. Aloe vera good week toothpaste used in this work contained peppermint and chlorophyll among others. Its activity may have been improved by these components.
Other proposed active ingredients include myrrh, sage, eucalyptus, tea tree oil, mallow, matricariae, eugenol and propolis for herbal toothpastes have documented antibacterial activity (Didry et al., 1994) . Some of these ingredients were found in Colgate Herbal (eugenol and tea tree oil) used in this study. This dentifrice was among the most active against microbial growth. It should be noted other toothpastes like Dentix, Oral-B, Extra Fresh Angola, Signal and Mericle equally contain various ingredients that could work in synergy to improve on their antimicrobial activities.
In the present study, the antimicrobial activities of the studied toothpastes varied for one microorganism and across the different microorganisms. Some researchers who did a similar study reported that less than 50% of available toothpastes had antibacterial activities and antiplaque potentials (Ozaki et al., 2006) . This could be understood since there are different manufacturers producing toothpastes with varied composition and levels of ingredients. Furthermore, they may not respect strictly the composition as indicated on their products. Hence the disparities observed in the antimicrobial activities of the various dentifrices.
Though our in vitro study reports that the tested toothpastes have antimicrobial properties, it should be understood that the oral cavity, being a more complex milieu, may exert a significant influence on the clinical outcome of these toothpastes.
In conclusion, the various brands of toothpaste (Colgate Herbal, Extra Fresh Angola, Colgate Maximum protection, Airsun, Oral-B, Dentix, Aloe vera Good Week, Mericle, Signal and Special 2 plus) used in our in vitro study have shown antimicrobial activities comparable to broad spectrum antimicrobials against some dental microorganisms (P. gingivalis, E. coli, S. aureus and C. albicans). These toothpastes can be used to control dental infections. *Mean diameter >7 mm was considered susceptible and <7 mm as resistant. **mean zone diameter produced by the toothpaste X100/ mean zone diameter produced by the reference substances. *Mean diameter >7 mm was considered susceptible and <7 mm as resistant. **mean zone diameter produced by the toothpaste X100/ mean zone diameter produced by the reference substances.
